Solanum fruit fly, Bactrocera latifrons (Hendel) is known as a pest of Solanaceae crops. This species is distributed throughout South-East Asia and has been discovered only on Yonaguni Island in Japan. After its first discovery in 1984 on Yonaguni Island, the species was found in 1985 and 1986, subsequently not detected for twelve years, and again discovered in 1999. We carried out a host fruit survey from 1999 to 2004 to monitor the occurrence of B. latifrons, and confirmed that B. latifrons has repeat generations within Yonaguni Island. During the survey, the number of sites where B. latifrons was found increased gradually, and eventually Yonaguni Island was entirely infested. So far, B. latifrons has not been found on neighboring islands. Most B. latifrons may overwinter at the adult stage on Yonaguni Island. In this survey, Diprocyclos palmatus was first recorded as the host of B. latifrons.
INTRODUCTION
Solanum fruit fly, Bactrocera latifrons (Hendel) is known as a pest of Solanaceae crops, and its larvae infest fruits. Some Cucurbitaceae plants were also reported as host fruits in Hawaii . Crop infestation is occasionally severe, for example, 60-80% of red pepper in Malaysia (Vijaysegaran and Osman, 1991) .
This fly is widespread in South-East Asia, such as Malaysia, Thailand, Taiwan, India and southern China, and is locally distributed in Hawaii (Hardy, 1973; Wang, 1996; White and Elson-Harris, 1997) . In Hawaii, B. latifrons was first discovered on Oahu in 1983 and became sequentially distributed throughout the major islands (Ichinohe, 1983; Vargus and Nishida, 1985; Liquido et al., 1994; Harris et al., 2001 ). This species has not been found in Japan except Yonaguni Island, so quarantine is conducted at international airports and harbors to prevent its invasion.
The first discovery of B. latifrons on Yonaguni Island was 1984 during the eradication project of B. dorsalis (Kaneta et al., 1985) . In Okinawa Prefecture, a host fruit survey had been periodically conducted to monitor the eradication and/or reintroduction (after eradication) of two serious fruit flies, B. dorsalis and B. cucurbitae. The occurrence of B. latifrons was detected from 1984 to 1986 on Yonaguni Island, but not from 1987 to 1998, although it was again found in October 1999. Based on these results, we conducted host fruit surveys to monitor the occurrence of B. latifrons on Yonaguni Island from 1999 to 2004.
A host fruit survey is the most sensitive method to identify the occurrence of B. latifrons in the field (Harris et al., 2001 (Harris et al., , 2003 . As an attractant for B. latifrons adults, a mixture of a-ionole and cade oil was developed (Cunninghum, 1989; Flath et al., 1994; McQuate and Peck, 2001; McQuate et al., 2004) , but it was not so effective relative to methyl-eugenol for B. dorsalis or cure-lure for B. cucurbitae (McQuate and Peck, 2001) . In this paper, we discuss the invasion and colonization of B. latifrons on Yonaguni Island, Japan, based on the results of host fruit surveys from 1984 to 2004.
MATERIALS AND METHODS
Location of Yonaguni Island. Yonaguni Island is located in the westernmost Ryukyu Islands, Japan. It is 111 km from Taiwan where B. latifrons is distributed (Fig. 1) . Yonaguni Island has a subtropical climate: the average annual daily temperature is 23.6°C and the average cumulative annual rainfall is 2363.5 mm. This small island is 12 km wide, 4 km long and 28.9 km 2 in area, and has three mountains of about 200 m elevation to the east and west. Sugarcane, rice paddies, commercial vegetable fields and pasture are found from the base of the mountains to the coast. There are three residential areas on the island (Fig. 2) , and small vegetable gardens cultivating Solanaceae plants are scattered throughout. Only four farmers have cultivated Solanaceae plants, eggplants, bell peppers and tomatoes, of the total 160 m 2 cultivation area in 2001, and the produced vegetables are all consumed on the island.
Host fruit survey. We collected and examined fruits of 13 species of Solanaceae and eight species of Cucurbitaceae plants, which were expected to be hosts of B. latifrons on Yonaguni Island, from May 1999 to July 2004. Solanaceae fruits were collected at one-to four-month intervals, and Cucurbitaceae fruits were collected twice a year.
We sampled wild and cultivated host fruits from all over the island. Vinyl bags containing the fruits were sealed carefully and transported to the facility of the Sterile Fly Release Center (Naha, Okinawa Pref.) within a day. Collected fruits were placed in plastic containers with a 1 cm layer of vermiculite, and kept for two to four weeks at 25°C. Larvae left the fruits and pupated in the vermiculite. Matured larvae and pupae were removed from vermiculite once a week and the number of emerged B. latifrons was recorded.
We also conducted host fruit surveys in three groups of neighboring islands: Okinawa Islands, including Okinawa Island, Kume Island, Kerama Islands etc.; Miyako Islands including Miyako Island, Tarama twelve years' absence since its last detection in 1986 (Fig. 2) . In 1999, the host plant was bell pepper, Capsicum annuum cv. Grossum. In the survey of December 1999, B. latifrons was detected at another collection site in eggplant, Solanum melongena L. In 2000, many flies were detected of all three residential areas on the island. In one community, 180 flies emerged at one collection site. This species was found throughout Yonaguni Island in 2002, and the number of detection sites increased from year to year. 
RESULTS

Expansion of B. latifrons
Seasonal change in detection
The seasonal change in the detection of B. latifrons on Yonaguni Island is shown in Fig. 3 . This species was found from spring and most frequently in summer. The detection rate declined from autumn to winter, and B. latifrons was scarcely detected in winter.
DISCUSSION
As the detection of B. latifrons increased and the detection area gradually expanded on Yonaguni Island from year to year (Fig. 2) , we suspect that B. latifrons repeated generations on Yonaguni Island after 1999. In the neighboring three groups of islands situated in the east of Yonaguni Island, B. latifrons has not been detected. So far, the distribution of B. latifrons is restricted to Yonaguni Island in Japan.
In Fig. 4 In winter, B. latifrons was scarcely found in host fruits as larvae or eggs (Fig. 3) . We suggest that the major overwintering stage of B. latifrons is as adults on Yonaguni Island. In winter, the averaged and lowest air temperatures are about 18°C and 16°C, respectively. At 16°C, reproduction was completely suppressed and the survival rate of larvae was only 2.6% in B. latifrons (Vargas et al., 1996 (Vargas et al., , 1997 latifrons in this survey, and has not been recorded as a host in Taiwan where the flies and plants distributed (Cheng and Lee, 1988) . On the other hand, no infestation of B. latifrons was observed in bush red pepper despite the 27,776 fruits (363 sites) collected in this survey, although the pepper shows relatively high infestation in Hawaii . Host plant species may differ among local populations in B. latifrons. Local variation of main hosts was reported in B. dorsalis (Koyama, 1991) .
B. latifrons expanded to the major islands of the Hawaiian chain for about ten years after invasion (Vargas and Nishida, 1985; Harris, 1989; Liquido et al., 1994; Harris et al., 2001 Harris et al., , 2003 . Now that B. latifrons repeats generations on Yonaguni Island, we must prevent its expansion to eastern or northern areas, including the main islands of Japan. The invasion of B. latifrons would lead to significant economic damage by infestation and prohibiting the movement of host plants. Okinawa Prefecture and Yonaguni Town require residents and visitors not to take host fruits off the island. As vegetables cultivated on the island are all consumed within the island, there is hardly any possibility that B. latifrons will be taken off Yonaguni Island; however, the eradication of B. latifrons from Yonaguni Island may be the best solution to remove the threat completely in future. For the eradication of B. latifrons, population suppression by spraying protein bait mixed with pesticide started on Yonaguni Island from 2004, and the release of sterile flies is planned.
